Several organisms, including Drosophila melanogaster, are apparently devoid of DNA methylation. This might re¯ect a highly restricted activity of DNA methyltransferases, a loss of methyltransferase activity during evolution or the dispensability of DNA methylation due to an ef®cient substitute mechanism. Vestiges of a Drosophila DNA methylation system have been identi®ed recently. We show here that the putative DNA methyltransferase gene, dDnmt2, is the component of a transposon-like element. This element also contains a second, novel open reading frame with homologies to a yeast protein involved in RNA processing. Both open reading frames are coordinately expressed and transcripts are present speci®cally in ovarian nurse cells as well as during early stages of embryonic development. q 2000 Elsevier Science Ireland Ltd. All rights reserved.
Results and discussion
It has been shown recently, that the Drosophila genome contains a gene with signi®cant homologies to the putative mammalian DNA methyltransferase Dnmt2 (Hung et al., 1999; Tweedie et al., 1999) . To characterize the genomic structure of the Drosophila dDnmt2 locus we made use of a fully assembled 30 kb genomic sequence that is available in the public databases (see Section 2 for accession number). This revealed that the dDnmt2 ORF is contained in a contiguous stretch of DNA that is not interrupted by introns. We also extended sequence analysis beyond dDnmt2 and identi®ed a second ORF that is very closely linked to dDnmt2 (Fig. 1A) . Like dDnmt2, ORF2 is not interrupted by introns. ORF2 encodes a novel protein of 394 amino acids and matches to several Drosophila ESTs from an embryonic library (see materials and methods for accession numbers). The C-terminal region of ORF2 protein shows signi®cant homologies (50% amino acid similarity) to the yeast Imp4 protein (Lee and Baserga, 1999) (Fig. 1B) . Imp4 is a component of ribonucleoprotein particles and has been shown to be necessary for rRNA processing (Lee and Baserga, 1999) .
The available information indicates that each of the two open reading frames is encoded by a single copy locus at 33CD. Yet the compact genomic structure as well as the tight linkage of dDnmt2 and ORF2 were suggestive of a transposon-like element. Therefore we extended our sequence analysis further and investigated putative genes anking dDnmt2 and ORF2. Alignment of genomic sequences with EST sequences revealed conventional exon/intron structures in the immediate vicinity of dDnmt2 and ORF2. We then looked for repetitive sequences anking dDnmt2 and ORF2 and identi®ed a 12 bp inverted repeat close to the 3 H ends of both open reading frames (Fig.  1A) . This con®rmed the presence of another hallmark of transposon-like elements. We also analyzed the distribution of the dDnmt2 element among various Drosophila species by genomic Southern analysis under low stringency conditions. This revealed speci®c signals for dDnmt2 in D. melanogaster, D. teissieri and D. yakuba, but no signal for D. virilis and D. willistoni (Fig. 1C, upper panel) . Hybridization of the same blot with a probe against the D. melanogaster rp49 locus (O'Connell and Rosbash, 1984) under high stringency conditions revealed distinct bands for all ®ve species tested. (Fig. 1C , lower panel). Taken together these results demonstrate a limited distribution of dDnmt2 among Drosophila species and thus reveal another similarity to mobile elements.
To investigate the expression of dDnmt2, total RNA was isolated from various stages of D. melanogaster develop- E-mail address: jaenisch@wi.mit.edu (R. Jaenisch). ment and analyzed by Northern blotting. This showed a speci®c band of about 1200 nucleotides length in embryos and adult females ( Fig. 2A) . Our data are thus inconsistent with those of (Hung et al., 1999) who reported a larval-speci®c dDnmt2 RNA of 1650 nucleotides length. We cannot explain these discrepancies, but as our results were obtained with a cloned full-length dDnmt2 probe and were very well reproducible (see below), we are con®dent that the 1200 bp signal represents the genuine dDnmt2 RNA. We also analyzed expression of the second open reading frame by rehybridizing the same blot with a probe against ORF2. This revealed a speci®c band of about 1400 nucleotides length ( Fig. 2A) . The signal for ORF2 RNA was much stronger than that for dDnmt2 RNA, indicating a higher expression level. As for dDnmt2, signi®cant levels of ORF2 RNA were only detectable in embryos and in adult females ( Fig.  2A) suggesting coordinate expression of dDnmt2 and ORF2.
The female-speci®c expression pattern suggested that dDnmt2 and ORF2 RNA might be predominantly found in the ovaries of adult¯ies. Northern analysis showed a signal of equal intensity for adult females and for ovaries, and no signal for females with ovaries removed (Fig. 2B ). This demonstrated that dDnmt2 expression is restricted to ovaries and that the combined expression levels of all other adult female tissues are negligible. When the same blot was rehybridized with a probe against ORF2 we again observed strong signals that parallel the dDnmt2 expression pattern (Fig. 2B) . This con®rms our previous conclusion of coordinate expression of dDnmt2 and ORF2.
To determine the tissue-speci®c distribution of transcripts we performed RNA in situ hybridization. Levels of dDnmt2 RNA were too low to be detectable by this method (data not shown). Therefore we focused on the coordinately expressed ORF2 RNA. Ovaries were prepared and hybridized in situ to an ORF2 antisense riboprobe. This showed that the RNA is found predominantly in the nurse cells of stage 10 egg chambers (Fig. 2C) . Nurse cells synthesize maternal RNAs that become stored in the developing oocyte. To analyze ORF2 RNA distribution during embryonic development we hybridized embryos of all developmental stages to the antisense riboprobe. This revealed the ubiquitous presence of ORF2 transcript in blastoderm stage embryos (Fig. 2D) . During later stages, the distribution becomes more restricted and the RNA is found predominantly in neuroblasts and in the gut (Fig. 2E) . Taken together, our results thus demonstrate that transcripts from the dDnmt2 element are particularly enriched during very early stages of embryonic development.
It is presently unclear whether dDnmt2 encodes a functional methyltransferase because no activity could be detected in vitro (Tweedie et al., 1999) and no methylated DNA could be detected yet in the¯y genome (Urieli-Shoval et al., 1982; Patel and Gopinathan, 1987) . It is possible, however, that the Drosophila genome is methylated at a level below the current detection limit or that dDnmt2 has a different function which so far eluded characterization.
Materials and methods
The complete dDnmt2 element and its neighboring genes are contained in the sequence AC019782. The accession numbers of ESTs matching to ORF2 are: AA202831, AA940987, AA942425, AI514749, AI515323, AA390378. The dDnmt2 ORF was ampli®ed from Oregon R genomic DNA by PCR using standard conditions. The cloned insert was veri®ed by sequencing and used as a probe in subsequent experiments. The ORF2 cDNA was obtained through the Berkeley Drosophila Genome Project (EST clone LD26635) and veri®ed by sequencing.
Southern blots were hybridized overnight in 250 mM phosphate buffer and 7% SDS at 65 or 558C, as indicated. Blots were washed for 1 h in 40 mM phosphate buffer and 1% SDS at 65 or 558C, as indicated. For Northern blots, 6 mg of D. melanogaster (Oregon R) total RNA were separated on denaturing agarose gel and blotted using standard procedures (Sambrook et al., 1989) . The size of RNAs was determined by comparison with an RNA size standard. RNA in situ hybridization on embryos and ovaries was performed as described previously (Royzman et al., 1999) .
